Abstract. Aiming at the position control problem of permanent magnet synchronous linear motor (PMLSM), the PMLSM Hamiltonian function was built based on Hamiltonian feedback dissipative control strategy in the perspective of energy shaping. First, a speed controller was proposed, then a position control outer loop was added to control closed loop, the PMLSM position control was realized with feedback dissipative method. The simulation results shown that the proposed method can ensure system has fast response, small tracking error and good robust performance, and also simplify system parameter setting.
Introduction
High-speed machine tool feed system requires high feed rate, high acceleration, high-precision demand, the traditional linear motion scheme "rotary servo motor plus ball screw" has been difficult to meet the high-speed machine demands. The permanent magnet synchronous linear synchronous motor (PMLSM), which was appeared in the 1990s, can directly generate linear force, which has the characteristics of long stroke, large thrust and fast response, has become the preferred motor type for high speed machine tool feed system. PMLSM has been widely used in industrial robots, CNC machine tools and other high-performance drive equipment. In order to ensure the servo performance of the system, many researchers have done a wide range of modern control strategy research [1] [2] [3] [4] [5] [6] .
In energy control view, when the system is working in a dynamic equilibrium point, the system energy is fixed, which also can be said that the system output energy equal to input energy. So an energy-shaping control concept is proposed that if we can adjust the input energy and output energy equal when the system is running at the desired equilibrium point, the system will work stable. Hamiltonian feedback dissipative control method is such an energy-shaping method. The port-controlled Hamiltonian system is established in recent series of papers [7] [8] [9] .
In this paper, based on the Hamiltonian feedback dissipative control method, a proper closed-loop Hamiltonian function is designed as system's Lyapunov function with the dq coordinate transformation in vector control. Using Lyapunov stability principle, a PMLSM energy-shaping speed controller is achieved with the global asymptotic stability of system design principles, which is simplified the system's designing progress, and the position control outer-loop is proposed to achieve PMLSM position control.
Hamiltonian Feedback Dissipation Control Method
The idea of Hamiltonian control method is to make the input and output energy of the system reach a dynamic equilibrium state by control, so that the system can run in a stable state. Ortega. R [10] has made an overall introduction on Hamiltonian control method, Cheng [11] proposed a Hamilton feedback dissipative control method, Qiu [12, 13] used Hamilton feedback dissipation control method to implement permanent magnet synchronous motor control.
Conventional Hamiltonian system is defined as 
is an antisymmetric matrix, ( )
is a Semi-definite symmetric matrix. For a nonlinear system
is full rank matrix. If we can design a feedback controller u to make system become
where
is left annihilator of full rank matrix ( ) x G , then the system(4) can be called as a Hamiltonian feedback dissipation realization. We can design Hamiltonian function ( ) H x as a positive definite, then the dissipation Hamiltonian system can be shown as following
According to the Lyapunov stability method, the proposed system is asymptotic stability.
Controller Design
In the structure of PMLSM can be seen as rotate the motor along the radial planning and then straightened, and it's working principle is similar to the rotary motor, both motors can be regarded that the air gap magnetic field is generated by the winding current and interacts with the excitation magnetic field to generate the electromagnetic thrust.
Therefore, if the current component is only considered and make follow assumptions: 1) ignore the hysteresis loss 2) ignore the core saturation 3) the back electromotive force is sinusoidal 4) there is no damper winding at the beginning and no damping winding for the permanent magnet the dq axis PMLSM state function is brought as follows: 
and system parameters are 1 
can be shown as formula (4):
when PMLSM is operating at the desired speed in steady state, from formula (9) we can get 
we choose feedback control voltage u as
which can make closed-loop system became the style as
PMLSM system energy is composed of mechanical energy and electrical energy, when PMLSM running at the desired speed, the input energy and output energy are equal which means the system reaches dynamic equilibrium. We choose closed-loop Hamiltonian system function as follows: 
where 1 
, when PMLSM system running at the desired equilibrium, the Hamiltonian system function gets minimum value 0,and
where left annihilator matrix
with formula (7)
then we have 
which needs to satisfy 
where  ,  are damping parameters, then the closed-loop system becomes 
System Stability Analysis
We choose Hamiltonian system function (18) as system Lyapunov function, from formula (7) , (8) 
So we have ( 
is negative definite, and ( )
H x 
will not be zero when 0 x x  . According to Lyapunov stability theory, the closed-loop system is asymptotically stable at point 0 x .
Position Servo Controller Design
PMLSM speed control block diagram is shown in Fig 1.a, PMLSM position servo control block diagram is shown in Fig 1. b, a position outer closed-loop is added into speed control block diagram. The desired speed v is calculate by position PID block, which is realized PMLSM position conrol.
Simulation Result
We run the simulation in matlab simulink environment of 2015b. PMLSM system parameters are choosen as Table 1 . a we can see, when damping parameters are small, the system has faster response, but there exists overshoot, when damping parameters are big, the system response is stable, but the response time is increased. Fig 2. b is the speed response figure when disturb load resistance is added to system. We choose damping parameter  and  are 4, 50,100, the desire speed is 0 
 is added to system. In Fig2.b larger damping parameters can better adpat load resistance changing, the system has better robust performance.
2.a Different damping parameters 2.b Load resistance disturb speed curve 
Conclusion
In this paper, the PMLSM position servo control system is designed from the view of energy-shaping view. The designed system can ensure system asymptotically stable. The simulation results show that the proposed control method can make system has fast response, small tracking error and good robust performance.
